As globalization has increased in the past few years, many companies attempts to made appropriate strategic decision to meet with this challenge. The problem under study mainly focuses on minimizing overall make-span but additional objectives such as balancing the assembly line and minimizing the variation of completion time are also considered. Due to the complexity of problem solving procedure by mathematical techniques, this paper presents a new approach of hybrid GA-SA implementation in order to meet the problem objectives. A proposed hybrid GA-SA is executed to overcome the problem complexity and meet the problem objectives. In order to check the efficiency of hybrid search techniques, a comparison is done between the results obtained by hybrid GA-SA and simple GA and the results comparison validates the effectiveness of presented hybrid search techniques.
Introduction
One of the most important issues for companies is to release products to markets earlier than other competitors to take more market share and stabilize the company's situation in the global competitive market. Creating more profit enhance the company's survival chance in the economic crisis period and improve the flexibility to respond to key business issues. Quick response manufacturing is an operation strategy which helps corporations to stand against today's challenges in competitive markets by focusing on reducing the time required to accomplish various manufacturing activities [1] . The flexible assembly lines provide special benefits for production and assembly industries by providing more level of flexibility in producing different types of product if it is well planned [2] . They also make industries more efficient to adjust the production requirements to the possible demand changes [3] . Mixed-model assembly lines are kinds of manufacturing system that is appropriate to quickly respond to the customer's variable demands. It can be measured as quick response manufacturing category which is used to produce different types of products without suffering from large inventory costs. In recent years, meta-heuristic algorithms, such as ant colony, Tabu search, genetic algorithm, simulated annealing have been employed to deal with scheduling problems. Many meta-heuristic algorithms were applied to overcome the complexity of Mixed-model assembly lines problems. Reference [4] attempts to develop an optimization algorithm for balancing two-sided assembly lines where are usually used in the automobile industry which more than one worker are simultaneously working on the two sides of jobs. Reference [5] considered a new mixed-model assembly line with hybrid workstations type and sequence-dependent setup time. Their study focuses on optimizing three objectives such as minimizing the overall length of line, change over time and production rate variation. reference [6] research focused on mixed-model assembly line-balancing problem with sequencing approach in which most of the assembly operations were performed manually. A heuristic algorithm was give as a solution for this problem. The jobs are cyclically sent to the assembly line based on a sequence and the integer programming model was formulated for the given sequence. Precedence relations among different operations of different products are also considered. Reference [7] focused on the job shop scheduling with fuzzy processing time and fuzzy due date. Multi objective fuzzy job shop scheduling problems are formulated were it aimed to maximize the minimum agreement index, average agreement index and minimize the maximum fuzzy completion time. For this purpose, a Genetic algorithm was developed to meet the problem objectives. Reference [8] presented simulated annealing based heuristic for job sequencing problem in mixed-model assembly line just in time environment. Two specific sequencing objectives were considered in their research, number of required setups and usage rate. In the proposed simulated annealing, an initial solution is elected from randomly generated population of 10000 solutions which has the best composite percentile rank for both number of usage rate and required setups. The efficiency of proposed simulated annealing heuristic examined by several test problems and the superiority of proposed algorithm is proved through comparing the results to the Tabu Search approach. It's concluded that simulated annealing reach to the near-optimal solution in small size problems. Reference [9] research related to minimizing the make-span in flexible machine which is followed by number of workstation for scheduling in agile manufacturing. The initial point is generated by heuristics algorithm existing in literature. Four new algorithms are also developed and their performance is compared to the existing heuristics. The average percentage deviation from lower bound was selected as an evaluation criterion and it illustrates that both simulated annealing and genetic algorithm reveal superior performance of developed model against the existing heuristics in many instances. A Research was done on the electronic industry by [10] which used Printed Circuit Board (PCB) for mounting electronic components. He aimed to determine the required number of assembly line by principle component analysis (PCA). A binary integer programming model was proposed in previous research in which attempted to minimize the make-span of mixed-model assembly lines by optimizing the job allocation on different lines and distributing tasks among workstations.. This paper presented an approach to address the job allocation problem in high product mix shop floor area.
Materials and Methods
The problem under study includes specific number of mixed-model assembly lines in a shop floor environment where different types of jobs can be processed and each line consist of manual workstations in which each assembly station capable of serving any task of any jobs. Typically, a mixed model assembly line is equipped with flexible workstations which are capable of producing variety of product models similar in product characteristics continuously and concurrently [11] . Three objectives are considered in this problem which as follows:
Minimizing overall make-span Line balancing Minimizing variation of completion time A workstation in any line should be setup for the new materials requirement to be able to serve the new set of products. Each line is equipped with certain number of workstations. Each job is consisted of number of tasks that should be done at workstations. Each job has its own initial setup time when it's the first job of the sequence. Change over time is required to change the settings from one job to another in the same line. Fig.1 illustrates the problem under study and the engaged parameters within the problem area. In the job allocation problem, the total number of permutations for job allocation can be computed as follows:
where ܰܿ denotes as set of possible configurations of job allocation to assembly lines and ܰ represents the number of jobs in the system. It should be noted that the total permutations for this problem is obtained by summing the permutation for all possible configurations of job allocation. Due to massive complexity for such production systems, problems with larger number of variables usually cannot be solved in a reasonable amount of time. The main objective of this research is to provide an evolutionary-based solving procedure to overcome the mathematical techniques limitations and find the solutions in efficient way.
The following assumptions are considered in this research: All the assembly lines perform assembly operation independently and each assembly line has its own work stations that are capable of serving any type of models. After the job allocation, jobs are not allowed to shift to other assembly lines. All the times involved in this model such as processing times, change over time, initial setup time and task times are deterministic.
A. Hybrid GA-SA algorithm Genetic algorithm and simulated annealing are categorized as global search heuristic techniques which are able to tackle the complexity of large size problems by finding near optimal solutions. SA evolution mechanism perform based on iterative process of modifying and examining in the neighborhood of current solution (local search) while GA handles set of potential solutions which are based on retaining and transferring the useful information during the generations. [12] . The hybrid approach combines the both advantage of GA for global searches and the advantage of SA for local ones by using the respective advantages [13] . An effective combination of GA and SA, hybrid GA-SA is developed to solve the scheduling problem. A chromosome of job is generated in predetermined number population and the cost evaluation for each chromosome is done in the next step. A proportion of the existing population is selected through a fitness-based process in each generation which more likely to produce better solutions for the next generation. The next step is to generate a second generation of solutions from those selected through genetic operators. For this means, some chromosomes are randomly selected for reproduction operation. In order to distract the algorithm to reach to the premature convergence, mutation is randomly applied on few chromosomes. If no improvement can be obtained within 20 iterations (Convergence check results Negative), the best chromosome is transmitted to SA for further evolution by neighborhood search. The neighborhood search is executed on job chromosome to increase the quality of obtained solution. When the simulated algorithm finishes, the enhanced chromosome is copied to the population for further evolution through exploring other potential solutions. This process will be continued until the stopping criteria are met. The proposed hybrid GA-SA is shown in Fig. 2 .
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Hybrid GA-SA algorithm.
Fig. 3 A Chromosome of jobs
Generally the appropriate fitness function closely associates with mathematical objective function which is capable of computing the cost for each chromosome quickly. As can be seen from Fig.3 , the chromosome is a string of length ܰ where ݇ ; ݈ = 1, … , ‫ܮ‬ represents the number of jobs assigns to the ݈ ௧ assembly line so for finding optimum solution for this problem, different configurations of fitness function computing should be done.
Total objective value is computed by summing the value of make-span time, process time difference and completion time difference. The proposed fitness function is given by
3) attempts to minimize the overall make-span of this system is by minimizing the longest completion time of lines. Equation (4) is used to determine the total absolute difference of completion times for assembly lines. Equation (5) helps to find the difference in total process time for multiple lines by computing the absolute difference in total process time for lines Initial population The population in both GA and hybrid GA-SA algorithm are fixed during all generations and set to 80 in each generation. The complexity of job allocation problem is increasing by ܰ! order so a larger population is required to provide more diversity of potential solutions and discourages premature convergence to local optimums. Total number of generation is used as a stopping criterion for both GA and hybrid GA-SA and programs terminates at 300 generations.
Tournament selection
Tournament selection is a very popular strategy that aims to imitate natural competition of specious [14] .The tournament selection works in the way that two individuals are randomly selected from the mating pool. The individual with the highest fitness value is selected as the winner of the tournament and the selection process continues by selecting a new tournament group randomly until all the individuals are selected. Finally the winner of each competition is copied to the worst chromosomes [15] .
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Crossover Crossover is considered as most important genetic operator which combines set of information from different chromosomes and generates new offspring which captures the both individuals information. Partially Mapped Crossover (PMX) is employed as crossover operator in both GA and hybrid GA-SA algorithm while they attempt to find the best sequence of jobs within each line. The cross over rate is set base on the initial population size for each program to increase the algorithm efficiency. Meanwhile for both hybrid GA-SA and GA algorithm, 50% crossover rate is considered appropriate which is able to find good solution in a reasonable amount of time [16] .
Mutation Mutation operator aims to provide a means to prevent algorithm from rapid convergence or premature convergence and drive algorithm to search for further feasible problem space to escape from local optimum. For this means swap mutation is elected as mutation operator. The Mutation probability is set to 0.02 which is a typical value for Genetic Algorithm [17] .
Neighborhood search Neighborhood search structure (NSS) generates a new atomic structure by changing the candidate solution in order to visit more potential solutions within the search space. The NSS is SWAP operator in which randomly exchange position of two elements of the solution. In this case, two jobs are randomly swapped by generating two random keys. The second NSS is INVERSION in which two random keys are generated and the jobs between two keys are reversed [18] .
Cooling scheduling
In simulated annealing algorithm, worse moves might be accepted based on current temperature to avoid algorithm to stick in a local optimum and the acceptance probability for worse moves decreasing as the algorithm proceeds to the freezing point. The exponential cooling scheduling is shown an appropriate performance in simulated annealing algorithm as it's able to compromise between fast schedule and also the ability to reach lower energy state [12] . The exponential cooling schedule is given by ܶ = ߙ * ܶ ିଵ where ߙ߳ ሺ0,1ሻ is cooling rate. The initial experiment demonstrated us that the initial temperature of 30 is suitable to explore the potential solutions by neighborhood movement. Freezing point is set at 1and the temperature is decreasing by factor of 0.05 (ߙ = 0.05).
Elitism Elitism is usually used to prevent the loss of the current fittest member of the population due to crossover or mutation operators or neighborhood search and keep the best solution through the entire hybrid search process [19] .
Result and Discussion
A numerical example is used to verify the efficiency of proposed hybrid algorithm through comparing the obtained result by simple Genetic algorithm. The experiment is carried out on one set of problem test [10] . Hybrid GA-SA attempts to determine the best job allocation configuration and the optimum sequence of assigned jobs to each line in which meet all the considered objectives in this problem. As described in combinatorial complexity, the total number of feasible solution in this problem is given by Total number of solution = 13 ! ୡୀଵସ େୀଵ Example: ‫ܓ‬ = , ‫ܓ‬ = , ‫ܓ‬ = represents that 6, 4 and 3 jobs are allocated to the line1, 2 and 3 respectively. By this means 14 different configurations of job allocation are available for 13 jobs and 3 lines so each configuration is considered as a new problem which is solved by hybrid GA-SA. Three assembly lines are selected to process 13 jobs and each line equipped with 2 workstations. Table 1 represents initial setup time and change over time between all jobs. Table 2 shows the required process time in each work station. The obtained results for all configuration of job allocation with both hybrid and Genetic Algorithm for all the individual sub objectives are shown in Table3. Fig 4 represents a total objective comparison between hybrid GA-SA and GA which reveals that the hybrid algorithm provides superior performance than GA as it reaches to the better solutions in the most of the configurations of job allocation. By comparing the total objective value between all configurations of job allocation, the minimum value of total objective function is achieved in k 1 =5, k 2 =5, k3=3 as both hybrid GA-SA and GA reach to the same solution. As depicted in Fig.4 hybrid GA-SA reached to the minor values of total objective than GA in most of problems as hybrid algorithms are more effective to escape from local optimum. In six problems, hybrid algorithm shows quite superior performance versus simple genetic algorithm. Same objective values are obtained by Hybrid algorithm in six problems.GA reached to a better final solution in problem 4 and 5. Table 4 
Conclusion
In this paper, a hybrid GA-SA procedure base is applied to tackle the complexity of sequencing problem in parallel mixed-model assembly line problems. A hybrid GA-SA is implemented to overcome the massive search space for optimizing the multi objective function. The solving procedure starts by finding the best job allocation based on different configuration of job allocation by both GA and hybrid GA-SA. Hybrid GA-SA aimed to allocate jobs to the assembly lines in order to minimize the multi objective functions. In order to check the efficiency of proposed search algorithm, a genetic algorithm is also applied and the obtained results from both metaheuristic methods are compared. The outperforming of hybrid GA-SA is proved through achieving the better solutions in most of problems. However, future work would be implementing the systematic solving procedure for more number of configurations of job allocation. In such problems with further number of input parameters more configurations of job allocation would be available so a systematic and intelligent solving procedure should be developed to tackle the problem with more degree of complexity.
